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Abstract
We consider a non trivial solution to the section condition in the context of R+ × E3(3)
exceptional field theory and show that allowing fields to depend on the additional stringy
coordinates of the extended internal space permits to describe the monodromies of (p,q) 7-
branes in the context of F-theory. General expressions of non trivial fluxes with associated
linear and quadratic constraints are obtained via a comparison to the embedding tensor
of eight dimensional gauged maximal supergravity with gauged trombone symmetry. We
write an explicit generalised Christoffel symbol for E3(3) EFT and show that the equations
of motion of F-theory, namely the vanishing of a 4 dimensional Ricci tensor with two of its
dimensions fibered, can be obtained from a generalised Ricci tensor and an appropriate
type IIB ansatz for the metric.
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1 Introduction
String theory shows a particularly rich structure of discrete duality symmetries after
toroidal compactification given by the discrete split real forms of exceptional groups
Ed(d)(Z), where d is the dimension of the compactification space. In its low energy limit,
those discrete groups become continous and 11 dimensional supergravity has a global
Ed(d)(R) ≡ Ed(d) symmetry group, whereas for type II supergravity theories the symme-
try groups are Ed+1(d+1). In the case of T-duality this led to the construction of Double
Field Theory (DFT) [1–4] as well as Generalised Geometry [5,6], which make manifest an
O(d,d) symmetry. DFT was constructed using a doubled space with associated additional
"winding coordinates" [7–11] . They are later removed by a section condition to recover
a physical theory. Generalised geometry on the other hand extends the tangent space T
to the combination T ⊕ T ∗, thus describing both vectors and 1-forms in a unique fiber.
Both theories are manifestly O(d,d)-covariant, and combine diffeomorphisms as well as B-
field gauge transformations in a single object: double vectors in DFT and sections of the
generalised fiber in generalised geometry. Extensions of those theories were constructed
to consider the full U-duality and the expected Ed(d)(R) symmetry one gets from string
theory compactifications in the low energy limit: Exceptional Field Theory (EFT) [12–15]
and Exceptional Generalised Geometry (EGG) [16,17]. The group of symmetry is larger
when one considers the S-duality in addition to T-duality. Thus, the space is no longer
doubled for exceptional field theories but is rather decomposed into an external space
and an extended internal one. The geometric structure of this internal space is then
constructed to be manifestly Ed(d) covariant in order to render manifest the symmetries
between the NS-NS and RR fields after compactification. Generalised vectors on this ex-
tended internal space and sections of the generalised fiber in the case of EGG then describe
usual diffeomorphisms combined with NS-NS and RR gauge transformations [18–23]. In
this context, massless type II and eleven dimensional gauged supergravities were obtained
in a unified framework in various dimensions [24–30]. Massive type IIA was then obtained
using a violation of the section condition in double field theory [31] as well as deformation
of the generalised Lie derivative structure in the context of EFT and EGG [32, 33]. All
of this leads to wonder if EFT or EGG permits to describe aspects of generalisation of
massless type IIB string theory, and in particular F-theory. Its link to SL(2)× R+ EFT
was first looked at in [30], and we ourself will focus on SL(3)× SL(2)× R+ EFT which,
with an appropriate ansatz, contains both NS-NS and RR two-forms.
F-theory can be thought of as a geometric formulation of type IIB string theory with
D7 branes, and more generally (p,q) 7-branes [34, 35]1. The axion (C0) and the dila-
ton (φ) of type IIB string theory are combined into a complex field, the axio-dilaton
(τ = C0 + ie−φ), which becomes the complex parameter of a fibered 2-torus with con-
stant volume fibered over a 10 dimensional space, thus leading one to consider a pseudo
1For comprehensive reviews on F-theory see for example [36–38].
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12 dimensional theory. As the D7 brane is a magnetic charge for the axion, the axio-
dilaton presents a singularity at the location of the brane, leading to a monodromy as
one goes around it. Now, considering the type IIB effective action, one shows that the
monodromies needs not only act on the axio-dilaton but also on the NS-NS and RR two
forms B2 and C2 respectively. In the general case of (p,q) 7-branes the monodromies are
entirely described by SL(2,Z), and they act on the NS-NS and RR two-forms fields by
mixing them. As one combines gauge transformations of those fields in a single object in
EFT and EGG one can ask whether they can also describe monodromies and type IIB
supergravity with D7 branes.
Here we focus on the E3(3) = SL(3)× SL(2) exceptional field theory arising for com-
pactifications of type IIB to 8 dimensions [27]. In order to describe properly warped
compactification of type IIB supergravity one has to consider that the duality group is
extended by a conformal factor to R+×E3(3). In the context of supergravity the conformal
symmetry is called trombone symmetry and can be thought of as a generalisation of the
rescaling symmetry of the metric in Einstein’s theory of gravity [39, 40]. In the first part
of this paper we present a review of the basic results of R+ × SL(3) × SL(2) EFT and
in particular the sufficient conditions needeed for a consistent theory. We then compute
the fluxes of the theory, which we compare to the embedding tensor of the associated
supergravity theory with gauged trombone symmetry. As the gauging of the trombone
symmetry was only done for simple groups, we present a construction in the particular
case where the original global group symmetry is SL(3) × SL(2). We then construct
explicitely a generalised Christoffel symbol and remind the reader about the construction
of a generalised Ricci tensor done in [41]. We then focus on a non standard solution
to the section condition leading to the description of the monodromies of (p,q) 7-branes
in F-theory. This is done by considering that the fields of the final theory will have a
dependency on 2 coordinates of the internal extended space, which are linear combination
of both the usual coordinates and the stringy coordinates. This in particular ensures that
product and inverse of fields have a similar dependency on the generalised space and are
therefore also solutions to the section condition. The description of the monodromies leads
to the breaking of both gauge transformations of B2 and C2 which seem to be entirely
constrained. This is however not a particular issue as the monodromies of (p,q) 7-brane
where only constructed when the only non zero field living on the brane was C8, the dual
field of the axion C0. It is thus plausible that when one is describing the full backreaction
of the brane with non trivial NS-NS and RR fields living on its world volume, the gauge
symmetry of these fields normal to the brane would be broken. Finally, when one con-
siders the standard solution to the section condition, we show that the generalised Ricci
tensor gives the equations of motion of F-theory as a Ricci-flatness of a four dimensional
space with two fibered directions.
3
2 Structure of SL(3)× SL(2) Exceptional Field Theory
Compactifying M-theory on a d-dimensional torus, or Type II on a d-1 torus leads to
an underlying U-duality symmetry given by the exceptional groups Ed(d)(Z). In the low
energy limit where we recover the eleven dimensional and massless type II supergravities,
an underlying Ed(d)(R) global symmetry appears. This symmetry can be made manifest
in the context of exceptional field theory where the space is decomposed into an exter-
nal space, and an internal extented space. The structure of the internal space will then
differ from Riemannian geometry and have a manifest Ed(d) covariance. Here we will con-
sider d=3, corresponding to a 8-dimensional external space combined to a 6-dimensional
internal extended space with a E3(3) = SL(3) × SL(2) geometric structure. In fact, as
mentioned in the introduction, one can extend this duality group by considering the trom-
bone symmetry appearing in supergravity theories. The duality group becomes therefore
R+×SL(3)×SL(2). The extended internal space will be our main focus throughout this
paper as the tensor hierarchy of E3(3) exceptional field theory is done in [27]. We now
present the basics of R+ × SL(3) × SL(2) exceptional field theory which will be needed
throughout this paper.
We introduce a set of coordinates XM , where M,N,P = 1,..,6 of the 6-dimensional
internal space which lives in the vector representation (3,2) of SL(3) × SL(2). We can
decompose the index of the fundamental representation M into M = mγ where all Latin
letters m,n, p, ... = 1, 2, 3 and all Greek letters γ, η, ρ, ... = 1, 2 correspond respectively to
the SL(3) and SL(2) part of E3(3). We will note ∂M = ∂mγ the derivative with respect to
XM = Xmγ.
The usual action of Riemannian Lie derivatives does not preserve the group structure
of the theory: this leads to the introdution of a generalised Lie derivative [18] which can
be written for any exceptional geometry as [23]
LΛV M = LΛV M + ZMNPQ∂NΛPV Q +
(
λ(V )− 1
6
)
)
∂NΛ
NV M (2.1)
where L is the usual Riemannian Lie derivative and λ(V ) the conformal weight of the
vector V. The tensor Z encodes the deviation from Riemannian geometry and is given in
terms of the invariants of the duality group, which in our case is
ZMNPQ = Z
mγnη
pρqσ = 
mnzpqz
γηρσ (2.2)
where s are totaly antisymmetric invariant tensors of SL(3) and SL(2). The invariant
tensor verifies in particular LZ = 0. Another expression for the generalised Lie derivatives
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which will be useful later to determine the fluxes of the extended space is
LΛV M = ΛN∂NV M − 2(P(8,1))MNPQ∂PΛQV N − 3(P(1,3))MNPQ∂PΛQV N
+λ(V )∂NΛ
NV M
(2.3)
where (8,1)⊕ (1,3) is the adjoint of SL(3)×SL(2) and the projections on each subspaces
are given by
(P(8,1))MNPQ = (P(8,1))mγnηpρqσ =
1
2
δγηδ
ρ
σ
(
δpnδ
m
q −
1
3
δmn δ
p
q
)
=
1
2
δγηδ
ρ
σ (P8)
m
n
p
q
(P(1,3))MNPQ = (P(1,3))mγnηpρqσ =
1
3
δmn δ
p
q
(
δρηδ
γ
σ −
1
2
δγηδ
ρ
σ
)
=
1
3
δmn δ
p
q (P3)
γ
η
ρ
σ
(2.4)
with P8 and P3 the projectors onto the SL(3) and SL(2) adjoint respectively. The ex-
pressions of the projectors onto the adjoint using the generators of SL(3) and SL(2) are
detailed in Appendix A. Finally, using (2.4) we can write the generalised Lie derivative
in terms of SL(3) and SL(2) indices
LΛV mγ = Λnη∂nηV mγ − V mη∂nηΛnγ − V nγ∂nηΛmη +
(
λ(V ) +
5
6
)
∂nηΛ
nηV mγ. (2.5)
In order for the theory to be consistent, the algebra of the generalised Lie derivatives
(2.1) has to close, i.e. it should satisfy
[LΛ1 ,LΛ2 ] = LΛ12 (2.6)
where
Λ12 ≡ [Λ1,Λ2]E = LΛ1Λ2 − LΛ2Λ1
2
(2.7)
is the analogy of the Courant bracket introduced in generalised geometry but in the
context of exceptional geometry [17, 18]. The closure of the algebra however is only
achieved if one imposes a constraint on the different fields known as the section condition2
ZNKPQ∂N ⊗ ∂K = nkzpqzηκρδ∂nη ⊗ ∂kκ = 0
⇔ ∂nη ⊗ ∂kκ − ∂nκ ⊗ ∂kη + ∂kκ ⊗ ∂nη − ∂kη ⊗ ∂nκ = 0.
(2.8)
The fields of the theory therefore can no longer depend arbitrarily on the 6 dimensional
internal space, but in our case rather a 2 or 3 dimensional subspace. This allows one
to describe in particular 8+3=11 dimensional supergravity or 8+2=10 dimensional type
II supergravity respectively. We will consider the embedding of type IIB supergravity:
we will focus on the solutions where the fields effectively depend on a two dimensional
subspace of the six dimensional internal space. The usual way to do this is to consider
2More generally, there are four constraints which in the case of the split forms of the exceptional
groups Ed(d) (d=2..7) are equivalent to the section condition [23].
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that
∂1γ(A) = ∂2γ(A) = 0 (2.9)
for any field A. This leads to the breaking of SL(3) into SL(2) × U(1). To make this
breaking manifest we can split the index M = mγ of the fundamental representation into
mγ = (mˆγ, 3γ) where mˆ = 1, 2.
3 Fluxes
Compactifying string theory with fluxes leads, in the low energy limit, to gauged super-
gravity. They correspond to deformation of abelian supergravities where a subgroup G0
of the global symmetry group G of the supergravity theory is promoted to a local sym-
metry. The embedding of the gauge group G0 into the global symmetry group G can
be described by an object called the embedding tensor, which corresponds exactly to the
fluxes. Supersymmetry and gauge invariance of the embedding tensor then leads to a set
of linear and quadratic constraint on the embedding tensor, which by extension should
be verified by the fluxes of the corresponding low energy limit of string theory [42,43].
Here we derive the expression of the generalised fluxes for the R+ × SL(3) × SL(2)
exceptional field theory. They will have to verify both linear and quadratic constraints so
that the corresponding 8 dimensional gauged maximal supergravity we obtain in the low
energy limit after compactification with fluxes is consistent. Considering the warp factor
in the duality group will lead us to consider gauged supergravity with a gauged trombone
symmetry. The gauging of the trombone symmetry for SL(3) × SL(2) exceptional field
theory has never been done before due to the group product structure of this particular
theory. We construct it here similarly to was done in [40] where the trombone symmetry
was gauged for simple groups.
3.1 Embedding tensor structure of D=8 Gauged Maximal Super-
gravity with trombone symmetry
A way to describe the gauging of a subgroup of a global symmetry group G in su-
pergravity theories is through the constant embedding tensor ΘMΓ [42, 43], where M
in our case corresponds to the fundamental representation (3,2) and Γ an index of
Adj(G) = Adj (SL(3)× SL(2)). A consistent local gauging of the theory forces one
to consider two constraints on this embedding tensor: a linear one and a quadratic one.
Let us recall the results already known for the particular case of E3(3) exceptional field
theory, without the scale factor of the general extended group. A priori the embedding
tensor ΘMΓ of the theory lives in
(3,2)× ((8,1) + (1,3)) = [(3,2) + (6,2) + (15,2)] + [(3,2) + (2,4)]] (3.1)
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but due to the linear and quadratic constraints, the embedding tensor only has (6,2) and
(3,2) components. Using this linear constraint we can write the generators of the gauge
group of the theory using the embedding tensor and the generators of the adjoint of the
gauge group {tΓ}
(XM)N
P = ΘM
Γ(tΓ)N
P = Θmγ,n
pδρη + Θmγ,η
ρδpn (3.2)
with
Θmγ,η
ρ = ξmηδ
ρ
γ −
1
2
δρηξmγ = P(3SL(2))
ρ
η
δ
γξmδ
Θmγ,n
p = fγ
(pb)bmn + x(ξnγδ
p
m −
1
3
ξmγδ
p
n) = fγ
(pb)bmn + xP(8)pnrmξrγ
(3.3)
where the constant x is equal to −3
4
, Θmγ,ηρδpn ∈ (3,2) and Θmγ,npδρη ∈ (6,2)3. To avoid
confusion between the fundamental representation of SL(3) and the adjoint of SL(2) we
denoted the later (3SL(2)).
This is not the more general story of supergravity gauging however, as one can gauge
the trombone symmetry [39, 40]. In order to do that we have to consider a more general
ansatz than the one used in [40], as the global symmetry group is not simple in our case
but a product of simple groups. Considering the R+ factor in the duality group leads to
an additional generator (t0)NP = −δPN in equation (3.2), and a corresponding additional
component of the embedding tensor ΘM 0 ≡ KM . This component lives in the (3,2)
representation, and we expect it to appear in the same way as the other (3,2) parameter
ξM . This leads to the following ansatz for the generators of the gauge group
XMN
P =Θmγ,n
pδρη + Θmγ,η
ρδpn +
(
ζ1P(8)pnkmδρηδκγ + ζ2P(3SL(2))
ρ
η
κ
γδ
p
nδ
k
m − δKMδPN
)
Kkκ
(3.4)
where ζ1 and ζ2 are two real parameters. The symmetric part of the generators of the
gauge group, the intertwinning tensor, should be in the same representation whether or
not we consider an R+ gauging. This is necessary in order to preserve the two-form field
content of the theory [40]. This is verified for ζ1 = −ζ2 = 6. The generators still have
to verify a set of constraints which can be expressed in terms of the tensors introduced
3fγ
mn and ξmα need to verify a set of quadratic constraints which can be found in [44].
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before as
0 =XMN
PKP + 6P(8)rmpnKrγKpη − 6P(3SL(2))δγρηKmδKnρ −KmγKnη (3.5)
0 =XPM
NXNK
R +XNPKXMN
R −XPNRXMKN −KPXMKR
+ 6
(
P(8)qpnmδσρ δηγ − P(3SL(2))σρηγδqpδnm
)
KqσXnη,kκ
rδ
− 6
(
P(8)qprnδσρ δδη − P(3SL(2))σρδηδqpδrn
)
KqσXmγ,kκ
nη
+ 6
(
P(8)qpnkδσρ δηκ − P(3SL(2))σρηκδqpδnk
)
KqσXmγ,nη
rδ.
(3.6)
3.2 Generalised Dynamical Fluxes
Now that we have described the embedding tensor of maximal supergravity in 8 dimensions
with a gauged trombone symmetry we look at the fluxes of R+×SL(3)×SL(2) EFT. First
let us consider the generalised metric of the extended space. We can define a generalised
metric H living into the quotient R+ × SL(3)
SO(3)
× SL(2)
SO(2)
which transforms covariantly under
R+ × SL(3) × SL(2) and is invariant under the maximal compact subgroup of E3(3) i.e
SO(3)× SO(2). Due to the product structure of the group, we define a bein which splits
as
EA¯
M = e−∆ea¯mlα¯γ (3.7)
where ∆ is the R+ component of the metric, ea¯m and lα¯γ the SL(3) and SL(2) beins
respectively. a¯ and α¯ are SO(3) and SO(2) planar indices respectively. The metric of the
internal space is then
HMN = EA¯
MEB¯
NδA¯B¯ = e−2∆Hmngγη (3.8)
where
Hmn = ea¯
meb¯
nδa¯b¯
gγη = lα¯
γlβ¯
ηδα¯β¯
(3.9)
correspond to an SL(3) an SL(2) metric respectively.
Having defined the bein and a consistent generalised Lie derivative of the theory, one
defines the generalised fluxes as
LEA¯EB¯ = FA¯B¯C¯EC¯ . (3.10)
In a coordinate frame, we find the fluxes to be4
4For more details see [41].
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FMN
P = ΩMN
P − (2P(8,1)PNRS + 3P(1,3)PNRS)ΩRMS + 1
6
ΩRM
RδPN (3.11)
where
ΩMN
P = (E−1)NA¯∂MEA¯
P (3.12)
is the Weitzenböck connection5. Now, using the expressions of the bein (3.7) we obtain
ΩMN
P = −∂M∆δPN + δρη(e−1)na¯∂mγ(ea¯p) + δpn(l−1)ηα¯∂mγ(lα¯ρ)
= −∂M∆δPN + δρηΩmγ,np + δpnΩmγ,ηρ
(3.13)
where
δρηΩmγ,n
p = δρη(e
−1)na¯∂mγ(ea¯p) ∈ (3,2)× (8,1)
δpnΩmγ,η
ρ = δpn(l
−1)ηα¯∂mγ(lα¯ρ) ∈ (3,2)× (1,3)
(3.14)
The first term −∂M∆δPN obviously lives in (3,2)× (1,1) = (3,2).
After some manipulations we find the following generalised fluxes
FMN
P =
[
fγ
pzzmn − 3
4
P(8)rmpnξrγ
]
δρη +
[
P(3SL(2))
ρ
η
δ
γξmδ
]
δpn
+
(
3
2
− 3
4
ζ
)
P(8)rmpnKrγ + ζP(3SL(2))
ρ
η
δ
γKmδ −Kmγδpnδρη
(3.15)
where
(6,2) : fγ
pz = kq(zΩkγ,q
p) (3.16)
(3,2) :

θmγ = Ωrγ,m
r − 4∂mγ∆
θ˜mγ = Ωmδ,γ
δ − 3∂mγ∆
Kmγ = −16(θmγ + θ˜mγ)
ξmγ = (θ˜mγ − θmγ)− ζKmγ
(3.17)
and ζ is only used to write the fluxes in a similar form compared to the gauge generators
(3.4). Choosing ζ = −6 gives us the the same expressions we found after considering the
intertwinning tensor constraint in the context of D=8 gauged maximal supergravity with
gauged trombone symmetry. We thus have to consider the quadratic constraints (3.5)
and (3.6) on K and f. We present simplified expressions of these constraints for the type
IIB supergravity solution of the section condition in the last section, after choosing an
appropriate ansatz of the generalised bein (3.7).
5We are abusing notation as the Weitzenböck connection should be globally defined, which is a priori
not the case here.
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4 Equations of motion
We will now look at the equations of motion of the theory. A general expression of these
equations was obtained in [18,19] using the supersymmetric variations of the internal and
external gravitino and a torsion-free/metric compatible connection. In fact it is precised
that in our case, for E3(3) EFT, one can define a unique generalised Christoffel symbol.
In this section we find the expression of this generalised torsion free, metric compatible
connection. We then find a generalised Ricci tensor following the construction of [41]
for E7(7) EFT. In the last section we finally obtain the equations of motion of type IIB
supergravity after having chosen an appropriate ansatz for the generalised R+× SL(3)×
SL(2) bein.
4.1 Generalised Christoffel Symbol
Connections are defined to describe how a field is transported along curves on a manifold.
Their definition can thus be chosen to be exactly the same as the one from Riemannian
geometry
∇MEA¯N = ∂MEA¯N + ΓMKNEA¯K . (4.1)
The torsion however is defined using the Lie derivative and will differ from the usual
Riemannian geometry [18]
TA¯B¯C¯ = (E−1)MC¯
(
L∇EA¯ − LEA¯
)
EB¯
M (4.2)
with L∇ the generalised Lie derivative (2.1) where every derivative is replaced by a co-
variant one. Requiring that the generalised torsion is null we get from (4.1) that the
generalised connection Γ should verify the following generalised torsion condition
ΓMN
P = 2P(8,1)PNDQΓDMQ + 3P(1,3)PNDQΓDMQ − 1
6
ΓDM
DδPN (4.3)
which can also be written
2Γ[MN ]
P = −ZPNRKΓRMK . (4.4)
Using those expressions it is possible to seek a generalised Christoffel symbol of the form6
ΓMN
P = Γmγ,n
pδρη + Γmγ,η
ρδpn + trace terms. (4.5)
Now, considering the metric compatibility condition
0 = ∇MHNP = ∂MHNP + ΓMRNHRP + ΓMRPHRN (4.6)
6For more details see Appendix B.
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and the splitting of the metric (3.8) the first two terms of the expression (4.5) are found
to be
Γmγ,n
p =
1
2
Hpr (∂mγHnr + ∂nγHmr − ∂rγHmn) (4.7)
Γmγ,η
ρ =
1
2
Hρδ (∂mγHηδ + ∂mηHγδ − ∂mδHγη) . (4.8)
The first term (4.7) is just 2 copies of a three dimensional usual Riemannian Christoffel
symbol (for each value of γ), and the second term (4.8) is 3 copies of a two dimensional
one (for each value of m). Finally, using the torsion condition (4.3) we find the generalised
Christoffel symbol, with vanishing generalised torsion and metric compatibility to be
ΓMN
P = Γmγnη
pρ = Γmγ,n
pδρη + Γmγ,η
ρδpn + 2
(
HpkHmn∂kγ∆δ
ρ
η − ∂nγ∆δpmδρη
)
+ 3
(
HρκHγη∂mκ∆δ
p
n − ∂mη∆δpnδργ
)
+ ∂M∆δ
P
N
(4.9)
whose traces are
ΓRM
R = −ΓMRR = 6∂M∆. (4.10)
This comes from the fact that the scalar that transforms properly under generalised
diffeomorphisms is e−6∆ for SL(3)× SL(2) i.e.
δξ(e
−6∆) = ∂P
(
e−6∆ξP
)
. (4.11)
We use the fact that the scalars of the theory should be of this particular form later in
order to define a proper ansatz for the generalised metric and find the equations of motion
one expects in F-theory.
4.2 Generalised Ricci Tensor
A generalised Ricci tensor for the R+ × E7(7) EFT which transforms covariantly under
generalised diffeormorphisms was proposed in [41]. It seems to hold for any exceptional
field theory as it is written in terms of the tensor Z without need of its precise form. Here
we show that for R+ × SL(3) × SL(2) it gives the expected equations of motion, thus
confirming the proposed form of a generalised Ricci tensor in exceptional field theory. We
review the main steps in order to construct a generalised Ricci tensor.
The usual Riemann tensor of a Riemannian space can be expressed as
RMNP
R = ∂MΓNP
R − ∂NΓMPR + ΓMLRΓNPL − ΓNLRΓMPL. (4.12)
This object however does not transform properly under SL(3)×SL(2) generalised diffeo-
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morphisms. Its non covariant variation is
∆ξRMNP
R =2∆ξΓ[MN ]
QΓQP
R
where ∆ξ = δξ − Lξ. If one considers the torsion condition of the generalised Christoffel
symbol (4.4), the non covariant variation of the Riemann tensor is null if Z = 0 i.e. if the
usual torsion condition Γ[MN ]P = 0 is satisfied. Now, the usual Ricci tensor should be
RMN = RMRN
R (4.13)
but again this does not transform as a tensor under generalised diffeomorphisms. Its non
covariant variation is
∆ξRMP =2∆ξΓ[MR]
QΓQP
R. (4.14)
One can then construct the following generalised Ricci tensor
RMN = 1
2
(
RMN +RNM + ΓRM
PZRSPQΓSN
Q
)
(4.15)
which verifies
∆ξRMN = 0. (4.16)
We will not detail here the expression of the generalised Ricci tensor obtained using our
result on a generalised Christoffel symbol (4.9). This will be our focus in the last section,
where we consider a particular ansatz for the R+ × SL(3) × SL(2) bein in terms of the
fields of type IIB supergravity.
5 Recovering F-Theory
In this last section we use the results obtained before in order to relate R+×SL(3)×SL(2)
exceptional field theory to F-theory. We will begin by presenting a short review of F-
theory, in the particular viewpoint of type IIB string theory with varying axio-dilaton.
We then show that considering a non trivial solution to the section condition allows us to
describe the monodromies of (p,q) 7-branes appearing in F-theory. Finally we consider
an ansatz for the R+ × SL(3) × SL(2) bein which leads to the type IIB equations of
motion. We also show that the equations of motion obtained on the internal space using
the generalised Ricci tensor and the generalised Christoffel symbol are equivalent to the
Ricci-flatness of a 4 dimensional usual Ricci tensor, of which two of the dimensions are
fibered as one expects from F-Theory.
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5.1 Review of F-theory
F-theory was constructed as a 12 dimensional geometrisation of type IIB string theory
with 7-branes. In D=10 type IIB, the axion C0 and the dilaton Φ can be arranged in a
manifestly SL(2,Z) complex field τ named the axio-dilaton. In F-theory this axio-dilaton
is the complex parameter of a two dimensional torus, with constant volume, fibered over
the 10 dimensional original space. This allows in particular to describe a varying axio-
dilaton with respect to the directions normal to the D7 brane, thus taking into account
the backreaction of the brane onto the geometry, and allowing for a strong coupling de-
scription of type IIB string theory [37,38].
Let us now go over some of the known results of F-theory. The effective bosonic action
of type IIB supergravity theory in the Einstein frame is
1
2pi
SIIB =
∫
d10x
√−g
(
R− ∂µτ∂
µτ¯
2Im(τ)2
− 1
2
|G3|2
Im(τ)
− 1
4
|F5|2
)
+
1
4i
∫
1
Im(τ)
C4 +G3 ∧ G¯3
(5.1)
where
τ = C0 + ie
−φ, G3 = dC2 − τdB2,
F5 = dC4 − 1
2
C2 ∧ dB2 + 1
2
B2 ∧ dC2, |Fp| = 1
p!
Fµ1..µpF
µ1..µp
(5.2)
with τ the axio-dilaton, B2 the NS-NS two form and Cp the RR p forms. With this
expression it is clear that the following SL(2,R) transformations leave the action invariant
τ → aτ + b
cτ + d
,
(
C2
B2
)
= M
(
C2
B2
)
, C4 → C4, gµν → gµν (5.3)
where
M =
(
a b
c d
)
∈ SL(2,R). (5.4)
One should note that the group SL(2,R) is broken to SL(2,Z) when one is considering
non perturbative effects. Now, let us consider the simplest case first in flat space with
a D7 brane along R1,7 ⊂ R1,9 ' R1,7 ⊗ C. As the D7 brane is a magnetic charge for
the axion C0, one can show that, considering supersymmetry constraints, the axio-dilaton
should behave as
τ(z) =
1
2pii
ln(z − z0) + terms regular at z0 (5.5)
with z the complex coordinate of the normal space to the brane and z0 the position of
the brane. This implies in particular that the dilaton transforms as
τ → τ + 1 (5.6)
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as one encircles the brane around z0, which corresponds to the SL(2,Z) transformation
introduced before with matrix parameter
M =
(
1 1
0 1
)
. (5.7)
Now one can consider a more general 7-brane. A D7 brane corresponds to an object on
which fundamental strings can end, strings which are coupled to the NS-NS two-form B2.
It is however possible to consider a BPS state of p fundamental strings, and q D1-strings
called (p,q) strings, which couples to the field pB2 + qC2. This leads to the consideration
of another category of 7-branes, (p,q) 7-branes, on which (p,q) strings can end. It is then
possible to show that the monodromies induced as one encircles a (p,q) 7-brane are given
by
M =
(
1 + pq p2
−q2 1− pq
)
. (5.8)
5.2 Type IIB ansatz and generalised diffeomorphisms
In order to consider a type IIB solution of the R+×SL(3)×SL(2) exceptional field theory
the usual ansatz is (2.9) i.e. that the fields only depend on the coordinates X3γ. This
effectively leads to an 8+2 dimensional theory where the fields will have a dependency on
the 8 dimensional external space time, and two coordinates of the six dimensional internal
extended space. Now, let us consider a particular choice of gauge for the generalised bein
in terms of the fields of type IIB supergravity by breaking the SL(3) subgroup into
SL(3)→ SL(2)× U(1). The SL(3) bein can be chosen to be
eˆ¯a
mˆ =
e∆′2
(
e
φ
2 e
φ
2C0
0 e−
φ
2
)
0
0
e−∆
′
B e−∆
′
C e−∆
′
 (5.9)
where φ and C0 are the dilaton and axion respectively. B, C are defined properly below
in terms of B2 and C2 and ∆′ will be related to the scale factor ∆ introduced in equation
(3.8). In order to understand what are the fields B and C we look at the action of a
generalised Lie derivative (2.3) of a generalised vector V M ≡ (V 1γ, V 2γ, vγ) onto the fields
B and C when the usual solution to the section condition (2.9) is verified7
L0V (C) = vγ∂3γC + ∂3γvγC − ∂3γV 2γ (5.10)
L0V (B) = vγ∂3γB + ∂3γvγB − ∂3γV 1γ. (5.11)
7The expression of the action of generalised Lie derivatives onto the representation (3,1) can be found
in [27].
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Moreover one can show that the antisymmetric 2 dimensional tensor αβ is invariant under
generalised diffeomorphisms. This allows to relate the 2 representation of SL(2) to its
dual 2¯ using
Vα = V
ββα, V
α = αβVβ, (5.12)
thus allowing us to rewrite the generalised Lie derivatives as
L0V (C) = vγ∂3γC + ∂3γvγC − ∂3γV 2ηγη (5.13)
L0V (B) = vγ∂3γB + ∂3γvγB − ∂3γV 1ηγη. (5.14)
To be more precise, we can define B and C to be the Hodge duals of the NS-NS (B2) and
RR (C2) two-forms on the two dimensional space with metric Gγη ∝ gγη8
B =
1√|G| γη2 Bγη
C =
1√|G| γη2 Cγη
V 1γ = V 1η
γη =
λBη√|G|γη
V 2γ = V 2η
γη =
λCη√|G|γη
(5.15)
therefore recovering the gauge transformations of B2 and C2
Cγη → Cγη + ∂[γλCη]
Bγη → Bγη + ∂[γλBη]
(5.16)
with λC and λB the one form parameters of the gauge transformations.
As expected from an exceptional field theory we can see that using generalised diffeo-
morphisms, we can describe the usual diffeomorphisms of the two dimensional space (via
vγ), combined with two gauge transformations of the RR and NS-NS two-forms (via V 1γ
and V 2γ). In the next section we look at the implication of a more general solution to
the constraint, which allows one to describe the monodromies of (p,q) 7-branes using the
generalised Lie derivatives.
8In the last section we find that Gγη = e−6∆gγη in order to recover the equations of motion of type
IIB supergravity.
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5.3 F-theory as R+×E3(3) EFT with non standard solution to the
section condition
One can solve the section condition (2.8) by requiring that the fields depend on two
coordinates, but allow them to be a combination of the ordinary ones X3γ and the ones
associated to winding and D1 brane wrapping Xmˆγ. We propose the following solutions
to the section condition of R+ × SL(3)× SL(2) exceptional field theory
A = f(X3γ + AmˆX
mˆγ) (5.17)
for any field A and with mˆ=1,2. The terms Amˆ are constant with respect to the 6 dimen-
sional internal space, but can a priori depend on the 8 dimensional space time coordinates.
We recover the usual section condition for Amˆ = 0. One should note that the structure of
the ansatz (5.17) as a global function of the combined coordinates is necessary in order
for products and inverts of fields to be well defined i.e. so that they are also solutions to
the section condition.
Let us see what happens when performing generalised diffeomorphisms. As we are
only interested in the extra terms compared to the usual section condition solution (2.9),
we will denote by L0Λ the generalised Lie derivative with respect to a generalised vector V
when ∂1α(A) = ∂2α(A) = 0 for any field A. This corresponds to the equations (5.10) and
(5.11). Let us first look at the generalised Lie derivative of the fields φ and C0
LV (eφ) = L0V (eφ) + V kˆκ∂kˆκ(eφ)
− eφ∂1κV 1κ − eφC0∂2κV 1κ +
(
λ(eφ) +
2
3
)
∂kˆκV
kˆκeφ
LV (C0) = L0V (C0) + V kˆκ∂kˆκ(C0)− ∂1κV 2κ
− C0
(
∂2κV
2κ − ∂1κV 1κ
)− C20∂2κV 1κ + λ(C0)∂kˆκV kˆκC0.
(5.18)
We consider generalised diffeomorphisms that satisfy ∂kˆκV
kˆκ = V kˆκ∂kˆκ = 0 which can be
achieved by considering that
A2V
2κ = −A1V 1κ. (5.19)
This gives
LV (eφ) = L0V (eφ)− eφ∂1κV 1κ − eφC0∂2κV 1κ
LV (C0) = L0V (C0)− ∂1κV 2κ − C0
(
∂2κV
2κ − ∂1κV 1κ
)− C20∂2κV 1κ. (5.20)
Here we see that the term −∂1κV 2κ is producing a shift of the axion, as is expected from
a monodromy of a (p,0) 7-brane given by the equation (5.3) and using the corresponding
monodromy matrix (5.8). As the other terms are not particularly clear when one looks
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at the fields φ and C0 let us consider the generalised Lie derivatives of the fields B and
C. Considering the ansatz (5.19) we obtain
LV (C) = L0V (C)−B∂1κV 2κ − C∂2κV 2κ (5.21)
LV (B) = L0V (B)−B∂1κV 1κ − C∂2κV 1κ. (5.22)
Now, to make sense of the two previous equation in terms of monodromies we take each
component of V M to be linear in its coordinates. Requiring the conditions (5.17) and
(5.19) we are able to recover the monodromies of a general (p,q) 7-brane encoded into the
generalised Lie derivatives of the exceptional field theory
LV (C) = L0V (C) + pqC + p2B
LV (B) = L0V (B)− pqB − q2C
(5.23)
with the additional conditions
∂1κV
1κ = −∂2κV 2κ = pq
∂1κV
2κ = −p2
∂2κV
1κ = q2
qA1 = pA2.
(5.24)
Now let us look at the particular case of a stack of p D7 branes, as an arbitrary (p’,q’)
7-brane can be mapped locally to a (p,0) one, using an SL(2,Z) transformation. We
can make the following ansatz for the dependency of the Lie derivative generalised vector
parameter
V M = (0, X3γ − p
2
2
X1γ, 0) (5.25)
where we put V 3γ to zero to remove the diffeomorphisms component. Using this we obtain
the full transformations of the fields to be
LV (eφ) = 0
LV (C0) = p2
LV (C) = p2B + 2
LV (B) = 0
(5.26)
The additional shift term in the action of the monodromy on C is coming from a breaking
of the gauge symmetry invariance of this field, which is also the case for B. The gauge
invariances of the fields B and C seem to be entirely constrained by the monodromies as
one goes around a D7 brane. One could notice that the breaking of the gauge invariances
is expected when non perturbative effects of string theory are taking into account. This is
however not an acceptable explanation in our case as we are in the perturbative regime.
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A more appropriate explanation would be that the monodromies we described before
have an interpretation only when one is considering that the only term appearing in the
Chern-Simons action of a D7 brane is the C8 term dual to the axion C0 [45]. The full
Chern-Simons action is however ∫
M8
C ∧ e−B2 (5.27)
whereM8 is the brane world volume and
C =
∑
p=0..4
C2p. (5.28)
This might break the gauge invariances of both B2 and C2.
5.4 Equations of motion via the Generalised Ricci Tensor
In this section we conclude by writing explicitly the equations of motion using the gen-
eralised Ricci tensor (4.15) and with the help of the symbolic computer algebra system
Cadabra [46, 47]. To begin with let us consider the proposed ansatz (5.9) for the gener-
alised bein. As we showed that the scalars which transform properly are of the form e6n∆
where n ∈ Z, and as the R+ factor in the metric are of the form e−2∆+∆′ and e−2∆−2∆′ , a
plausible ansatz on the scalar ∆′ is
∆′ = −4∆. (5.29)
Now according to [18], the equations of motions should live in the representation
(5,1) + (1,2) + (1,1). (5.30)
This leads to consider the following equations of motion
0 = Rmγ,nηHmn ∈ (1,2)
0 = R(m|γ,|n)ηgγη ∈ (5,1) + (1,1).
(5.31)
Using the definition of the generalised Ricci tensor (4.15), the generalised Christoffel
symbol (4.9), the ansatz on the bein (5.9) as well as the ansatz on ∆′ (5.29) we obtain
the equations of motion of type IIB supergravity in 2 dimensions9
Rγρ
[
e−6∆g··
]
+
1
2
∂γφ∂ρφ+
1
2
∂γC0∂ρC0 = 0 (5.32)
gγρ
(∇γ∇ρφ− e2φ∇γC0∇ρC0) = 0 (5.33)
gγρ (∇γC0∇ρC0 + 2∇γC0∇ρφ) = 0. (5.34)
9The expression (5.32) can differ from the litterature by a minus sign due to the definition of the
Riemann tensor (4.12).
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where ∂γ ≡ ∂3γ and Rγρ[e−6∆g··] corresponds to the usual Ricci tensor associated to
the metric e−6∆gγρ. ∇ is the covariant derivative whose connection is the usual two
dimensional Christoffel symbol of the same metric. One should note that the only way to
recover the equations of motions of type IIB supergravity is to combine the warp factor
∆ with the R+ factor ∆′ coming from the breaking of SL(3) into SL(2) × U(1) as in
(5.29). Finally as we stated before the fields should verify different constraints due to the
quadratic conditions (3.5) and (3.6) which in the end can be recast into
θ˜3[γ|Ω3|ρ],kr = 0. (5.35)
If we write the geometric fluxes of the two dimensional space with bein l˜α¯γ = e3∆lα¯γ as
wγη
ρ = 2(l˜−1)[γ|α¯∂|η]l˜α¯ρ (5.36)
we find that the condition (5.35) is equivalent to
w[γ|δδ∂|η]Φ = 0
w[γ|δδ∂|η]C0 = 0
w[γ|δδ∂|η]∆ = 0.
(5.37)
These can be solved in particular if we consider the trace wγδδ to be null, which is equiv-
alent to w = 0 for a two dimensional space. This in particular ensures that the two
dimensional internal space is compact [48].
To conclude we show that the equations of motion (5.31) are equivalent to the Ricci-
flatness of a 4 dimensional space: a two torus with constant volume equal to one, fibered
over a two dimensional Riemann space. To do that we consider a 4 dimensional space
whose metric is
HMN =
(
Hmˆnˆ 0
0 gγρ
)
(5.38)
where M = (mˆ, γ) and with mˆ and γ being 1 or 2. Hmˆnˆ is an SL(2) metric while gγρ is
a GL(2) one. Now in order to describe a fibration we will consider that every field only
depends on the two coordinates xγ. Considering the usual Riemannian Ricci tensor of
this four dimensional space with ∂mˆ = 0 we have for M = γ
RM=γ,P=ρ = Rγρ − 1
4
∂γH
kr∂ρHkr (5.39)
whereRγρ is the two dimensional usual Ricci tensor associated to the metric gγρ. Assuming
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that the SL(2) metric is of the usual form
Hmˆnˆ =
1
Im(τ)
(
|τ |2 −Re(τ)
−Re(τ) 1
)
(5.40)
with the axio-dilaton τ given by (5.2), we recover the expected equations of motion we
derived before. The equations of motion for the dilaton (5.33) and the axion (5.34) are
obtained by considering the other components of the Ricci tensor RM=m,P=p.
6 Conclusion and outlook
In this paper we showed that the equations of motion of F-theory as a Ricci-flatness of
a four dimensional space with two of its dimensions fibered are obtained from the R+ ×
SL(3)×SL(2) exceptional field theory with the standard solution to the section condition.
This was done by considering an appropriate ansatz (5.9) on the generalised bein, a
manifestly R+× SL(3)× SL(2) covariant generalised Ricci tensor (4.15) proposed in [41]
and a generalised Christoffel symbol (4.9) with vanishing generalised torsion and metric
compatibility. We also showed that one can solve the section condition of exceptional
field theory and still allow the fields to have a dependency on the additional stringy
coordinates. Every product and invert of fields satisfying our ansatz (5.17) still verifies
the section condition and the ansatz therefore seems to be appropriate. Finally we showed
that this new solution to the section condition describes the monodromies of (p,q) 7-branes
in the context of F-theory. This leads to the breaking of the gauge invariances of the NS-
NS and RR two-forms which could be explained by the fact that the monodromies (5.3)
are only valid when one is considering that the only field living on the world volume of
the D7 brane is the RR C8 form, not including other RR p-forms or NS-NS two-form.
Interesting prospects would be to understand this gauge symmetry breaking, and to look
at the equations of motion obtained from the generalised Ricci tensor but this time with
a non standard solution to the section condition.
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A Projectors
Here we present the construction of the projectors on the useful representations we used
along this paper. A detailed construction can be found in [43]: it is shown in the first
appendix of this paper that for an arbitrary simple group G, with the exception of E8,
one can decompose the product of the fundamental representation of the group G (D(Λ))
with its adjoint Adj(G) as
D(Λ)×Adj(G)→ D(Λ) + D1 + D2 (A.1)
where D1 and D2 are two other representations. The ones of interest for us are only the
fundamental and the representation with the smaller dimension (D1), as they are the only
representations allowed for the embedding tensor after one considers the linear constraint
coming from supersymmetry consideration. If we note M the fundamental representation
of G and {tα} (α = 1...dim(G)) the generators of the adjoint of G, the projectors on those
two representations can be written10
P(D(Λ))Mα,Nβ = A(tαtβ)MN
P(D1)Mα,Nβ = a1δαβδMN + a2(tβtα)MN + a3(tαtβ)MN
(A.2)
with A, ai constants which are given in [43] for every simple groups.
Now let us look at the two simple groups of interest to us, SL(3) and SL(2), whose
fundamental representations (3) and (2) are written m and γ respectively. For clarity we
will note {tα} (α = 1,...,8) the generators of the adjoint of SL(3), and {sα˜} (α˜ = 1,2,3) the
ones of SL(2). With this we find the projectors onto the the fundamental representation
of SL(3) and D1 = (6) to be
P(3),mα,nβ =
3
8
(tαtβ)m
n
P(6),mα,nβ =
1
2
δαβδm
n − 1
2
(tβt
α)m
n − 1
4
(tαtβ)m
n.
(A.3)
For the SL(2) case, the result is a little peculiar as one has the following relation
δα˜
β˜
δηγ − (sβ˜sα˜)γη − (sα˜sβ˜)γη = 0. (A.4)
The only representations left are then D(Λ) = (2) and D2 = (4). The projection onto
the fundamental is
P(2),γ α˜,ηβ˜ =
2
3
(sα˜sβ˜)γ
η
=
2
3
(δα˜β˜δ
η
γ − (sβ˜sα˜)γη).
(A.5)
10The adjoint indices are raised and lowered using the Cartan-Killing metric.
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We write these projectors in the fundamental representation of each groups, leading for
SL(3) to
P(3)mnp,abc =
3
8
(δpmδ
a
c δ
b
n −
1
3
δpnδ
a
c δ
b
m −
1
3
δpmδ
a
nδ
b
c +
1
9
δpnδ
a
mδ
b
c)
P(6)mnp,abc =
1
2
mnr
ab(rδp)c
(A.6)
and for SL(2)
P(2)γηρ,αβξ =
2
3
(δργδ
α
ξ δ
β
η −
1
2
δρηδ
α
ξ δ
β
γ −
1
2
δργδ
α
η δ
β
ξ +
1
4
δρηδ
α
γ δ
β
ξ ). (A.7)
These expressions are found using the projectors on the adjoint (8) of SL(3)
P(8)mnpq = (tα)nm(tα)qp = δmq δpn −
1
3
δmn δ
p
q (A.8)
and the adjoint (3SL(2)) of SL(2)
P(3SL(2))
γ
η
ρ
δ = (sα˜)η
γ(sα˜)δ
ρ = δγδ δ
ρ
η −
1
2
δγηδ
ρ
δ . (A.9)
B Determination of Γ
The expression of the generalised Christoffel symbol (4.9) was hinted by a series of pro-
jections applied to the torsion condition (4.3). Here we detail the different relations that
permitted in the end to look for a generalised Christoffel of the form (4.5).
First of all, one can relate the traces of the Christoffel symbol by taking the trace of
the torsion condition
ΓMD
D = −ΓDMD. (B.1)
By taking the partial traces on the different subspaces it is also possible to write the
following relations
Γmγ,nη
nρ = 3Γnη,mγ
nρ − 2ΓRMRδρη
Γmγ,nη
pη = 2Γnη,mγ
pη − ΓRMRδpn
(B.2)
which can be recast into
Γrγ,mδ
rδ = Γrδ,mγ
rδ
Γmδ,rγ
rδ = Γrδ,mγ
rδ.
(B.3)
Other useful relations are obtained by taking the projection of the torsion condition onto
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the representations (8,1) and (1,3)
P(8,1)RSBCΓABC = 2P(8,1)RSBCΓBAC
P(1,3)RSBCΓABC = 3P(1,3)RSBCΓBAC .
(B.4)
We also have to recall from (A.1) that
PD(Λ) + PD1 + PD2 = IdD(Λ)×Adj(G) (B.5)
which for the groups SL(2) and SL(3) can be written11
P(2) + P(4) = Id(2)×(3)
P(3) + P(6) + P(15) = Id(3)×(8)
(B.6)
where the traces on the spaces (4) and (15) are null. The torsion condition can than be
recast as(
Γ˜(15,2) + Γ˜(3,4)
)
MN
P = ΓMN
P +
1
6
ΓDM
DδPN −
21
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P(8,1)KMPNΓRKR − 14
6
P(1,3)KMPNΓRKR
+
[
9
4
P(8,1)KMPNP(1,3)RKST + 4P(1,3)KMPNP(8,1)RKST
]
ΓSR
T .
(B.7)
The relations
9
4
P(8,1)KMPNP(1,3)RKSTΓSRT =
3
8
P(8,1)KMPNΓSKS
4P(1,3)KMPNP(8,1)RKSTΓSRT =
4
3
P(1,3)KMPNΓSKS
(B.8)
permit to write the last term between brackets into a trace part, which leads to
ΓMN
P =
(
Γ˜(15,2) + Γ˜(3,4)
)
MN
P + trace terms. (B.9)
Using
Γ˜(15,2)mγ,nη
pρ =
[
P(15,2)Γ
]
MN
P =
[
P(15)Γ
]
mγ,n
pδρη = Γ˜(15)mγ,n
pδρη
Γ˜(3,4)mγ,nη
pρ =
[
P(3,4)Γ
]
MN
P =
[
P(15)Γ
]
mγ,η
ρδpn = Γ˜(4)mγ,η
ρδpn
(B.10)
with partial traces of Γ˜(15) and Γ˜(4) null, we have
ΓMN
P = Γ˜(15)mγ,n
pδρη + Γ˜(4)mγ,η
ρδpn + trace terms. (B.11)
Using this expression in the metric compatibility condition (4.6) and the torsion condition
11In the case of SL(2) the space D1 is empty.
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(4.4) leads to the solution (4.9).
References
[1] Chris Hull and Barton Zwiebach. Double Field Theory. Journal of High Energy
Physics, 2009(09):099–099, September 2009. arXiv: 0904.4664.
[2] Chris Hull and Barton Zwiebach. The gauge algebra of double field theory and
Courant brackets. Journal of High Energy Physics, 2009(09):090–090, September
2009. arXiv: 0908.1792.
[3] Olaf Hohm, Chris Hull, and Barton Zwiebach. Background independent action for
double field theory. Journal of High Energy Physics, 2010(7), July 2010. arXiv:
1003.5027.
[4] Olaf Hohm, Chris Hull, and Barton Zwiebach. Generalized metric formulation of
double field theory. Journal of High Energy Physics, 2010(8), August 2010. arXiv:
1006.4823.
[5] Nigel Hitchin. Generalized Calabi-Yau manifolds. The Quarterly Journal of Mathe-
matics, 54(3):281–308, September 2003. arXiv: math/0209099.
[6] Marco Gualtieri. Generalized complex geometry. arXiv:math/0401221, January 2004.
arXiv: math/0401221.
[7] C. M. Hull. A Geometry for Non-Geometric String Backgrounds. Journal of High
Energy Physics, 2005(10):065–065, October 2005. arXiv: hep-th/0406102.
[8] C. M. Hull. Doubled Geometry and T-Folds. Journal of High Energy Physics,
2007(07):080–080, July 2007. arXiv: hep-th/0605149.
[9] Atish Dabholkar and Chris Hull. Generalised T-Duality and Non-Geometric Back-
grounds. Journal of High Energy Physics, 2006(05):009–009, May 2006. arXiv: hep-
th/0512005.
[10] C. M. Hull and R. A. Reid-Edwards. Gauge Symmetry, T-Duality and Doubled
Geometry. Journal of High Energy Physics, 2008(08):043–043, August 2008. arXiv:
0711.4818.
[11] C. M. Hull and R. A. Reid-Edwards. Flux Compactifications of M-Theory on Twisted
Tori. Journal of High Energy Physics, 2006(10):086–086, October 2006. arXiv: hep-
th/0603094.
24
[12] David S. Berman, Hadi Godazgar, Malcolm J. Perry, and Peter West. Duality In-
variant Actions and Generalised Geometry. Journal of High Energy Physics, 2012(2),
February 2012. arXiv: 1111.0459.
[13] David S. Berman, Hadi Godazgar, Mahdi Godazgar, and Malcolm J. Perry. The
local symmetries of M-theory and their formulation in generalised geometry. Journal
of High Energy Physics, 2012(1), January 2012. arXiv: 1110.3930.
[14] David S. Berman and Malcolm J. Perry. Generalized Geometry and M theory. Journal
of High Energy Physics, 2011(6), June 2011. arXiv: 1008.1763.
[15] Daniel C. Thompson. Duality Invariance: From M-theory to Double Field Theory.
Journal of High Energy Physics, 2011(8), August 2011. arXiv: 1106.4036.
[16] C. M. Hull. Generalised Geometry for M-Theory. Journal of High Energy Physics,
2007(07):079–079, July 2007. arXiv: hep-th/0701203.
[17] Paulo Pires Pacheco and Daniel Waldram. M-theory, exceptional generalised geome-
try and superpotentials. Journal of High Energy Physics, 2008(09):123–123, Septem-
ber 2008. arXiv: 0804.1362.
[18] André Coimbra, Charles Strickland-Constable, and Daniel Waldram. $E_{d(d)}$
$\times \mathbb{R}^+$ Generalised Geometry, Connections and M theory.
arXiv:1112.3989 [hep-th], December 2011. arXiv: 1112.3989.
[19] André Coimbra, Charles Strickland-Constable, and Daniel Waldram. Supergrav-
ity as Generalised Geometry II: $E_{d(d)} \times \mathbb{R}^+$ and M theory.
arXiv:1212.1586 [hep-th], December 2012. arXiv: 1212.1586.
[20] Olaf Hohm, Seung Ki Kwak, and Barton Zwiebach. Unification of Type II Strings
and T-duality. Physical Review Letters, 107(17), October 2011. arXiv: 1106.5452.
[21] Olaf Hohm, Seung Ki Kwak, and Barton Zwiebach. Double Field Theory of Type II
Strings. Journal of High Energy Physics, 2011(9), September 2011. arXiv: 1107.0008.
[22] André Coimbra, Charles Strickland-Constable, and Daniel Waldram. Supergravity as
Generalised Geometry I: Type II Theories. Journal of High Energy Physics, 2011(11),
November 2011. arXiv: 1107.1733.
[23] David S. Berman, Martin Cederwall, Axel Kleinschmidt, and Daniel C. Thompson.
The gauge structure of generalised diffeomorphisms. Journal of High Energy Physics,
2013(1), January 2013. arXiv: 1208.5884.
[24] Olaf Hohm and Henning Samtleben. Exceptional Field Theory I: $E_{6(6)}$ covari-
ant Form of M-Theory and Type IIB. Physical Review D, 89(6), March 2014. arXiv:
1312.0614.
25
[25] Olaf Hohm and Henning Samtleben. Exceptional Field Theory II: E$_{7(7)}$. Phys-
ical Review D, 89(6), March 2014. arXiv: 1312.4542.
[26] Olaf Hohm and Henning Samtleben. Exceptional Field Theory III: E$_{8(8)}$.
Physical Review D, 90(6), September 2014. arXiv: 1406.3348.
[27] Olaf Hohm and Yi-Nan Wang. Tensor Hierarchy and Generalized Cartan Calculus
in SL(3)$\times$SL(2) Exceptional Field Theory. Journal of High Energy Physics,
2015(4), April 2015. arXiv: 1501.01600.
[28] Aidar Abzalov, Ilya Bakhmatov, and Edvard T. Musaev. Exceptional field theory:
$SO(5,5)$. Journal of High Energy Physics, 2015(6), June 2015. arXiv: 1504.01523.
[29] Edvard T. Musaev. Exceptional field theory: $SL(5)$. Journal of High Energy
Physics, 2016(2), February 2016. arXiv: 1512.02163.
[30] David S. Berman, Chris D. A. Blair, Emanuel Malek, and Felix J. Rudolph. An Action
for F-theory: $\mathrm{SL}(2) \times \mathbb{R}^+$ Exceptional Field Theory.
Classical and Quantum Gravity, 33(19):195009, October 2016. arXiv: 1512.06115.
[31] Olaf Hohm and Seung Ki Kwak. Massive Type II in Double Field Theory. Journal
of High Energy Physics, 2011(11), November 2011. arXiv: 1108.4937.
[32] Franz Ciceri, Adolfo Guarino, and Gianluca Inverso. The exceptional story of massive
IIA supergravity. Journal of High Energy Physics, 2016(8), August 2016. arXiv:
1604.08602.
[33] Davide Cassani, Oscar de Felice, Michela Petrini, Charles Strickland-Constable, and
Daniel Waldram. Exceptional generalised geometry for massive IIA and consistent re-
ductions. Journal of High Energy Physics, 2016(8), August 2016. arXiv: 1605.00563.
[34] Cumrun Vafa. Evidence for F-Theory. Nuclear Physics B, 469(3):403–415, June
1996. arXiv: hep-th/9602022.
[35] Eric Bergshoeff, Jelle Hartong, and Dmitri Sorokin. Q7-branes and their coupling to
IIB supergravity. arXiv:0708.2287 [hep-th], August 2007. arXiv: 0708.2287.
[36] Ralph Blumenhagen. Basics of F-theory from the Type IIB Perspective. Fortschritte
der Physik, 58(7-9):820–826, March 2010. arXiv: 1002.2836.
[37] Timo Weigand. Lectures on F-theory compactifications and model building. Classical
and Quantum Gravity, 27(21):214004, November 2010. arXiv: 1009.3497.
[38] Timo Weigand. TASI Lectures on F-theory. arXiv:1806.01854 [hep-th], June 2018.
arXiv: 1806.01854.
26
[39] E. Cremmer, H. Lu, C. N. Pope, and K. S. Stelle. Spectrum-generating Symmetries
for BPS Solitons. arXiv:hep-th/9707207, July 1997. arXiv: hep-th/9707207.
[40] Arnaud Le Diffon and Henning Samtleben. Supergravities without an Action: Gaug-
ing the Trombone. Nuclear Physics B, 811(1-2):1–35, April 2009. arXiv: 0809.5180.
[41] G. Aldazabal, M. Graña, D. Marqués, and J. A. Rosabal. Extended geometry and
gauged maximal supergravity. Journal of High Energy Physics, 2013(6), June 2013.
arXiv: 1302.5419.
[42] Henning Samtleben. Lectures on Gauged Supergravity and Flux Compactifications.
Classical and Quantum Gravity, 25(21):214002, November 2008. arXiv: 0808.4076.
[43] Bernard de Wit, Henning Samtleben, and Mario Trigiante. On Lagrangians and
Gaugings of Maximal Supergravities. Nuclear Physics B, 655(1-2):93–126, April 2003.
arXiv: hep-th/0212239.
[44] Mees de Roo, Giuseppe Dibitetto, and Yihao Yin. Critical points of maximal D=8
gauged supergravities. Journal of High Energy Physics, 2012(1), January 2012. arXiv:
1110.2886.
[45] Eric A. Bergshoeff, Jelle Hartong, Tomas Ortin, and Diederik Roest. Seven-branes
and Supersymmetry. Journal of High Energy Physics, 2007(02):003–003, February
2007. arXiv: hep-th/0612072.
[46] Kasper Peeters. A field-theory motivated approach to symbolic computer algebra.
page 14.
[47] Kasper Peeters. Symbolic field theory with Cadabra. page 4.
[48] David Andriot and Andre Betz. \beta-supergravity: a ten-dimensional theory with
non-geometric fluxes, and its geometric framework. Journal of High Energy Physics,
2013(12), December 2013. arXiv: 1306.4381.
27
